The Northern Daba Mountains (NDM) of Shaanxi Province, China, are a well-known selenium (Se)-rich area, and the area is also known for endemic fluorine (F) and arsenic (As) poisoning. In order to study the hydrochemical characteristics and trace element contents of the natural waters of this region, 62 water samples were collected from Lan'gao area in the NDM. The hydrochemical composition was principally characterized by Ca·Mg-HCO 3 ·SO 4 . F and As concentrations ranged from 0.01 to 0.67 mg/L and from 0.33 to 6.29 μg/L, respectively, lower than Chinese national standard and international guidelines for drinking water quality. One year of monitoring proved that F and As in natural water were not the sources of the local fluorosis and arseniasis in the NDM. The average Se concentration in fissure water was 5.20 μg/L. The average Se content of river water was 2.82 μg/L, 14 times that of the world's surface level (0.2 μg/L). The Se content in eight samples reached the Chinese national standards for mineral drinking water quality (>10 μg/L). Contrasting the water samples of May, July, and September in 2015 shows that the Se content is relatively stable and the increase of humidity might be beneficial to increase the content of selenium and strontium in water. Key words | Daba Mountains, hydrochemical characteristics, selenium-rich mineral water resources, trace element concentrations content of global river waters is only 0.2 μg/L (Selinus et al. ). A high As content in drinking water represents one of the most serious threats to human health. The arsenic content of most natural waters is low (usually <10 μg/L,
INTRODUCTION
Trace elements play an important role in human health, especially selenium (Se), arsenic (As), and fluorine (F), and excessive or deficient quantities may cause endemic diseases (Tan et al. ; Rayman ; Selinus et al. ) . Moderate Se intake facilitates thyroid hormone secretion, and has been demonstrated to have an anti-oxidation and anti-cancerous function, as well as improve the human immune system. Conversely, excessive Se intake (>400 μg/d) may lead to selenosis (WHO ; Fordyce ). Long-term excessive F intake can cause dental as well as skeletal fluorosis. Excessive As exposure can lead to chronic health problems and skin lesions (Selinus et al. ) .
Drinking water is important in the human intake of trace elements (Bleiman & Mishael ) . Se, F, and As contents in drinking water can have an important effect on human health. Certainly, too low a Se content in drinking water is not good for human health (Fordyce et al. ) .
However, Se concentrations in natural water are generally low, rarely exceeding 10 μg/L, with the majority of concentrations below 3 μg/L (Plant et al. ) . The average Se with the average ∼5 μg/L), but variations in As concentrations between surface water and groundwater are significant (∼0.5-5,000 μg/L) (Selinus et al. ) . Drinking water with F concentrations >1.5 mg/L will probably lead to dental fluorosis, while concentrations >4.0 mg/L may cause skeletal fluorosis and other health problems (Dissanayake ). Usually, the F concentration in natural water is 0.1-10 mg/L and <300 μg/L in surface water. It is easy for F to accumulate in groundwater, with the F content in high fluorine groundwaters potentially reaching several hundred mg/L (Selinus et al. ) .
Ankang City, Ziyang County, and Lan'gao County in the Northern Daba Mountains (NDM) in Shaanxi Province, China, are famous for being Se-rich (Combs ; Hartikainen ) . However, the population of this region also suffers from fluorine and arsenic poisoning (Luo ; Xu & Luo ) . The prevalence rate of dental fluorosis in residents of this region is >50% (Chen et al. ), and even exceeds 90% in some areas (Wen et al. ) . In addition, there is serious arsenic-based pollution of the environment between the Qinling and Daba Mountains. Significant arsenism is found in nine counties, including Pingli, Lan'gao, and Zhenba, affecting more than one million inhabitants (Li et al. ; Xu et al. ) .
There have been many studies of Se distribution and the provenances of soil and rock in the NDM (Luo et (Luo et al. b, c) . In particular, there has been a paucity of systematic studies of the trace element content of drinking water in the NDM.
The Qinling-Daba Mountain (QDM) system is not only the water source of the Chinese South-to-North Water Transfer Project (Middle Route), but is also the poorest area of China (Cao et al. ; Liu et al. ) . Any research into the hydrochemical characteristics and trace element contents of this area therefore is of considerable scientific and practical significance. We collected and analyzed fissure water and river water samples from the NDM to investigate the hydrochemical characteristics and trace element contents of natural waters in this area, and thereby attain a better understanding of the Se, F, and As concentrations found in drinking water in this Se-rich, F-and As-high region. To monitor the stability of content of elements in water, we collected and analyzed fissure and river water samples in May, July, and September, 2015, respectively. Finally, we aimed to quantify, at least approximately, the Se-rich water resources of the NDM.
MATERIALS AND METHODS

Geographical and geological background of the study area
The study area (32 W 10 0 -32 W 55 0 N, 108 W 20 0 -109 W 15 0 E) is located in Lan'gao County, NDM. It has a typical middle elevation, mountainous topography with average altitude ranging from 1,000 m to 1,600 m above sea level (Figure 1 were also collected at the same area in July and September 2015, respectively. Residential drinking water at present includes untreated fissure water or river water, so these samples reflected NDM drinking water to some extent (Table S1, available with the online version of this paper). Figure S1 , available with the online version of this paper).
The box plot was plotted by Origin 8.0 software based on the data of element concentrations in the water. In addition, the 1st, 5th, and 25th percentiles, median, mean, and the 75th, 95th, and 99th percentiles were indicated in each box plot, respectively. The Pearson correlation coefficients analysis was carried out using IBM SPSS 20 software.
RESULTS
Due to the fact that the sampling points of the three times are in the same area, and the main characteristic of the water is consistent, the detailed analysis focused on the May samples.
Hydrochemical characteristics and trace element concentrations
Based on the analysis of 62 water samples collected in May, the pH of water in Lan'gao area ranged from 6.87 to 8.07, with a mean value of 7.58 (Table S2, Figure 4 ).
The arsenic content was in the range of 0.33-6.29 μg/L According to CNSM (GAQS 2008), drinking natural mineral water must have more than one from eight parameters including lithium, strontium, zinc, selenium, iodine, sodium metasilicate, free CO2, and TDS, that reaches the index limit requirements. CNS, Chinese national standard for drinking water quality; INS, international guidelines for drinking water quality; CNSM, Chinese national standard for drinking natural mineral water quality.
(3 μg/L). The Tl content of 11 fissure water samples (0.11-0.49 μg/L) was higher than CNS limits (0.1 μg/L) (Table 2, Figure 4 ).
DISCUSSION
Hydrochemical characteristics of NDM water
The water of the study area was mainly neutral to weakly alkaline. The TDS, TH, and major ion concentrations were lower than the limits outlined by CNS (MH ) ( Figures 2 and 3 , Table 3 ). The low concentrations of F and As found in natural water in the study area indicate that these waters are not the source of the region's endemic fluorosis and arsenicosis, and that the water is safe for drinking (Tables 1 and 2) . 
Preliminary discussion of the possible causes of variations in water samples
The Gibbs Map is a powerful tool for describing water types, including water from evaporation/crystallization, water dominated by rock type and atmospheric precipitation (Gibbs ) . Based on the Gibbs map, the hydrochemical composition of water in the Lan'gao area appears to be principally controlled by rock weathering (Figure 5) , consistent with the high relative humidity climatic conditions in this subtropical humid monsoon zone.
The percentages of major ions within water determine the water's hydrochemical type; the ratios between the major ions found in water can be clearly shown with a Piper plot (Piper ). The main hydrochemical types evident from water samples collected in the Lan'gao area were as follows: Ca-Mg-HCO 3 -SO 4 (37 samples);
Ca-HCO 3 -SO 4 (15 samples); Ca-Mg-HCO 3 (seven samples);
Ca-HCO 3 (three samples); Ca-Mg-Na-HCO 3 (one sample);
and Ca-Mg-SO 4 -HCO 3 (one sample). The predominant cation and anion in water samples from Lan'gao were Ca 2þ and HCO 3 À , respectively, indicating that chemical constituents are principally derived from carbonate rock weathering ( Figure 6 ).
Evaluation of Se-rich water resources
The World Health Organization has stated that Se is an Europe has the longest commercial mineral water history in the world (Wynn et al. ) . A recent study found that, following European Union legislation, 58.1% of 571 (Table 4 ).
Of the eight Se-rich fissure water samples (Se >10 μg/L),
the Ni content of two samples (22.78, 22.95 μg/L) and
the Tl content of five samples (0.11-0.2 μg/L) were slightly higher than the CNS guidelines (Ni < 20 μg/L, Tl < 0.1 μg/L) ( Figure 4 ), suggesting that the concentrations of these elements in potable water should be taken into account. There have been some studies of Se, As, and F content, The Se and Sr contents are relatively stable and reveal an increasing tendency along with the increase of humidity.
The high quality low-sodium Se-rich mineral water of the NDM should be able to be commercially exploited, but prior to this, the hydrological geology of this area will require further detailed study.
